Recent results (3) indicate that 200 mg 3,4,3',4'-tetrachlorobiphenyl induces hepatomegaly accompanied by significant decreases in serum and hepatic retinoid content and hepatocyte morphologic alterations of proliferated and vesiculated endoplasmic reticulum and megamitochondria with paracrystalline inclusions. There was also an associated change in the number, size, and distribution of lipid droplets in hepatocytes and fat-storing cells. Electron microscopic autoradiographic techniques were utilized to determine the cellular and subcellular distribution of 3H-3,4,3',4'-tetrachlorobi~henyl (IH-TCB) in the adult rat liver and determine if there is any relationship between subcellular morphologic change and radiolabel localization. Adult female WAG/Rij rats received a single intraperitoneal injection of 200 mg TCB/kg containing 1.85 mCi of 'H-TCB and were sacrificed at 1, 3, 7, and 14 days following exposure. The vast majority of JH-TCB-derived radioactivity was located in the hepatocyte at all time points examined, ranging from 79-86% of the total number of autoradiographic grains counted over the liver cells. Sequential order of radiolabel localization per liver cell type at 1,3, and 7 days was hepatocyte > > > Kupffer cell > fat-storing cell > endothelial cell. At day 14, the sequential order of radiolabel localization per liver cell type was h e p a t m e > > > fat-storing ceIl > Kupffer cell > endothelial cell, which indicates that there was some shift movement of label over time. The lipid droplet, mitochondria, and endoplasmic reticulum were the subcellular structures or organelles of hepatocytes having the highest number of 3H-TCB-derived grains at all time periods examined. The predominant morphological alterations induced following TCB intoxication were observed in these organelles. The results of this study suggests that there is an association between TCB localization and morphologic change induced in mitochondria and endoplasmic reticulum of hepatocytes following TCB exposure.
INTRODUC~ION
Polychlorinated biphenyls (PCBs) are a family of halogenated organic environmental pollutants that persist in the ecosystem (23) . The lateral substituted, coplanar PCB congeners, such as 3,4,3',4'-tetrachlorobiphenyl (TCB), are isostenc with 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), and possess the highest toxic potency (17) . TCB-induced toxicity in rodents is mainly characterized by loss of body weight, hepatomegaly and thymic atrophy (14) . The mechanism(s) responsible for TCB-induced hepatotoxicity is largely unknown.
One proposed mechanism that has been extensively studied involves the induction of the cytochrome P450, isozyme(s) and aromatic hydrocarbon hydrolase (AHH) activity mediated through binding of TCDD, TCB and related congeners to the cytosolic Ah-receptor followed by translocation of the ligand-receptor complex to the Ah locus in the nucleus (1 6). However, recent studies suggest an incomplete correlation between TCDD-induced hepatotoxicity and Ah-controlled enzyme induction (8) .
A recent proposed mechanism to explain TCBinduced liver abnormalities is that TCB impairs he-patic vitamin A metabolism (1) . In the rat experimental model of TCB intoxication, a single intraperitoneal injection of TCB resulted in hepatomegaly associated with a concomittant reduction in hepatic retinol and retinyl ester content (3) . Hepatomegaly and hepatic retinoid content reductions correlated well with dose and time following exposure to TCB. These changes were also accompanied by changes in the distribution and quantity of lipid droplets in hepatocytes and fat-storing cells, and megamitochondria and proliferated endoplasmic reticulum in hepatocytes.
The objectives of this study were to determine the cellular and subcellular distribution of 3H-TCB by electron microscopic autoradiography and to determine if there is an association between hepatic morphologic changes of primary sites of hepatic retinoid metabolism and radiolabel localization.
METHODS AND MATERIALS
The experimental design and animals utilized have been described in detail (3) . Basically, 19-week-old female WAG/Rij rats received a single intraperitoneal injection of 200 mg TCB/kg containing 1.85 mCi of 'H-TCB and were sacrificed (n = 1) at 1, 3, 7, and 14 days following exposure. Whole body perfusion with chilled saline followed by osmium-glutaraldehyde fixative was performed as described previously (3) . Humane animal care and use guidelines that were approved under committee surveillance were followed.
Procedures for Electron Microscopic Autoradiograph y
Pieces of the peripheral portion of the left lateral liver lobe (3 x 3 x 1 mm) were cut into 200 pmthick tissue blocks with a vibratome (Oxford, Oxford, England) and stained "en bloc" with lead aspartate as previously described (1 3,22) . Briefly, the blocks were post-fixed for 25 min at 4°C in the dark in a 1% osmium tetroxide solution in 0.15 M cacodylate buffer, pH 7.2, containing 1.5% potassium ferrocyanide. The tissue blocks were washed 5-7 times over a 30 min period in 0.15 cacodylate buffer, pH 5.5, and stained in a lead aspartate solution (22) at 60°C for 1 hr. Tissue blocks were then washed 4 times over a 5-7 min period in 0.15 M cacodylate buffer, pH 7.2, dehydrated in a chilled (4°C) graded ethanol series, and embedded in LX 1 12 (Ladd Research Industry, Burlington, VT).
Extraction of radioactivity was checked by determining the radioactivity present in the solutions used for post-fixation, dehydration and embedding. It was estimated that approximately 90% of the radioactivity incorporated was retained in the liver throughout the procedure.
The embedded tissue blocks were hand-trimmed, and silver-colored (60-90 nm) sections were cut using an ultramicrotome (Reichert OmU2, Vienna, Austria). Sections were transferred using a platina loop to microscope slides previously coated with formvar. After drying overnight, the sections on the slides were covered with a thin carbon layer of 4-6 nm. The slides were dipped at a speed of 50 mm/ min in LA emulsion (Ilford, TTD, Basildon, England) diluted 1:3 (v/v) in twice-distilled water, and dried at room temperature for 15 min. Negative chemography was unlikely to occur since exposure times were always shorter than 42 days (12) . The slides were placed in closed plastic boxes containing silica packets.
The autoradiograms were developed for 7 min at 20°C using Elon developing agent (Eastman-Kodak, Rochester, NY) as a physical developing procedure (1 2). Development was preceded by the gold latensification method, which improves the sensitivity of the emulsion (18) . The formvar film containing the section was separated from the glass slide by floatation on twice-distilled water. One hundred fifty-mesh copper grids were placed on the floating sections using a binocular prior to removal from the water surface. The autoradiograms were examined with a Philips EM 410 transmission electron microscope (Philips, Eindhoven, The Netherlands).
The number of grains observed always exceeded 100 per unit area (0.0 1 mmz). The background value was determined by counting grains present on an equivalent area of formvar layer covered with developed emulsion and never exceeded 5%. The distribution of grains over the various cell types was determined on several randomly selected unit areas of 1 to 3 separately prepared sections and counted up to a total of 1,000 grains. Unit areas containing a major blood vessel were not included in grain distribution studies. Each cluster of 2 or more spherical deposits was considered to be derived from one or more crystals in the photographic emulsion. If a cluster was enclosed in a circle of 4 mm on a micrograph taken at 27,500 magnification, the size corresponded to the diameter of one silver bromide crystal, and the total deposit was considered to be one grain. All grains were enumerated according to the direct scoring method as described by Nadler (1 5), including smooth endoplasmic reticulum associated with glycogen and rough endoplasmic reticulum associated with mitochondria as complex structures. A half-distance of 138 nm was applied for the 3H-TCB (24) . The center ofa concentric circle was placed on the autoradiographic grain and an organelle completely filling the circle was given full credit. Whenever the circle contained more than one organelle, the grain could always be ascribed to one of the complex structure designations. Distinction between smooth and rough endoplasmic reticulum was made on the basis of the different configurations of these organelles and the frequent association of the smooth endoplasmic reticulum with glycogen. The data were expressed as a percentage of the total number of grains counted in the preparation, and as grain density per cell type. Grain density per cell type was calculated by dividing the percentage of grains enumerated by the percentage of relative cell number normally present in the rat liver of this approximate age (4) .
RESULTS
The vast majority of )H-TCB-derived radioactivity was located over the hepatocyte at all time points examined, ranging from a high of 86.4% of the total number of autoradiographic grains counted over the liver cells at day 7 to a low of 79.0% enumerated at day 14 (Table I) . Sequential order of radiolabel localization per liver cell type at 1, 3, and 7 days was hepatocyte > > > Kupffer cell > fat-storing cell > endothelial cell (Table I) . At day 14, the sequential order of radiolabel localization per liver cell type was hepatocyte > > > fat-storing cell > Kupffer cell > endothelial cell, suggesting that there was some shift movement of radiolabel over time. At day 1, the hepatocyte and Kupffer cell had the highest grain density per liver cell type, 1.37 and 1.21, respectively (Table I ). The grain density over endothelial and fat-storing cells was low at the initial time period examined. No marked changes in grain density per liver cell type occurred over time, barring 2 exceptions. The first exception was a marked decrease in grain density over Kupffer cells between day 1 and subsequent time periods (Table I, Fig. 1 ). The second exception was a marked increase in grain density over fat-storing cells between day 14 and previous time periods (Table I, Fig. 2 ).
Insufficient numbers of 3H-TCB-derived grains were present over sinusoidal cell and fat-storing cell populations to allow an adequate delineation of organelle distribution in these cell types (Table I) . However, large numbers of 'H-TCB-derived grains were present over hepatocytes, which allowed delineation of distribution of 'H-TCB-derived grains over hepatocyte organelles (Table I) . The sinusoidal area, which included hepatocyte microvilli and the cytoplasm and vesicles in close proximity to the hepatocyte sinusoidal membranes in the space of Disse, contained a large number of 'H-TCB-derived grains at day 1 followed by a sharp decline by day 3 (Table 11, Fig. 3 ). Numerous 'H-TCB-derived grains were observed over proliferated endoplasmic reticulum as early as day 1 (Table 11) , and the 3H-TCB-derived grains were frequently observed in close association with dilated to vesiculated endoplasmic reticulum at later time periods (Fig. 4) . The lipid droplet was the subcellular structure of hepatocytes having the highest 3H-TCB-derived grains at all time periods examined, peaking at day 7 followed by a modest decline (Table 11, Fig. 5 ). There 
A Sinusoidal area includes hepatocyte microvilli and the cytoplasm and vesicles close to the hepatocyte sinusoidal membrane and did not include any of the other organelles included in this table.
Grains observed on morphologically unidentifiable structures. was a small, but persistent, increase in the number of 3H-TCB-derived grains present in mitochondria over time, several of which had abnormal morphology (Table 11, Fig. 5 ).
DISCUSSION
The main objective of the present study was to localize the primary sites of interaction of 3,4,3',4'tetrachlorobiphenyl (TCB), a model of toxic congeners of PCBs, and to correlate the localization with sites of TCB-induced morphologic alterations in the liver of WAG/Rij rats. The results of this study indicate that the vast majority of )H-TCB-derived grains were located in the hepatocyte. Kupffer cells contained high 3H-TCB grain density at the initial time examined, but declined during the 14 day interval following exposure. On the contrary, hepatic fat-storing cells showed a marked increase in grain density and relative number of W i n Positive cells over the duration of the experiment.
The localization of 3H-TCB per liver cell type correlated well with the cell type having the pre- The presence of a relatively large fraction of 'H-TCB-derived grains on the endoplasmic reticulum most likely reflects the binding of the compound to membrane bound cytochrome P450, the enzyme complex primarily responsible for Phase 1 drug biotransformation of most xenobiotics, including PCBs (2, 9, 11) . Dissolution in endoplasmic reticulum membranes and interaction with cytochrome P450 has been reported for several PCB congeners, including TCB ( 19, 20) . The TCB-induced increase in the proliferation and vesiculation of the endoplasmic reticulum is accompanied by an increased synthesis of cytochrome P450, and may thus, reflect an adaptive response to facilitate elimination of xenobiotics from the body.This adaptive response, e.g., enzyme induction, is thought to be mediated by the binding of the xenobiotic to the cytosolic Ah-receptor, translocation of the receptor-ligand complex to the Ah-locus on the chromatin in the nucleus, followed by activation of the synthesis of the cytochrome P450, and associated enzymes ( 16) . In this study, little 'H-TCB-derived grains were located in the cytoplasmic and nuclear fraction of hepatocytes, suggesting that the Ah receptor protein is not the major intracellular binding site for TCB. However, the low-grain density on the cytoplasmic and nuclear fraction relative to other subcellular sites does not imply that thz Ah-mediated adaptive response is not important in this study, because the gene ac-tivation process may require only minimal amounts of TCB.
The presence of 3H-TCB-derived grains over lipid droplets is thought to be a result of dissolution of the lipophilic TCB in a favorable microenvironment. Under normal physiologic conditions, numerous lipid droplets are present in the fat-storing cell (21) . Exposure to TCB resulted in a drastic reduction of lipid droplets in the fat-storing cell and a concomittant marked increase in lipid droplets in hepatocytes (3), The 3H-TCB-derived grain density in fat-storing cells increases over the duration of the experiment (14 days) following exposure to TCB, which is opposite the temporal changes in lipid content in these cells suggesting that other factors than lipophilicity may also be involved in the distribution of TCB in fat-storing cells.
An important function of the fat-storing cell is the storage of retinoids as retinyl esters (10) (3) . Other investigators reported that Aroclor 1254, a commercial PCB mixture, induced a "wasting syndrome" in rats that was accompanied by increased permeability of the hepatocyte inner mitochondrial membrane (5) (6) (7) . These investigators also demonstrated that Aroclor 1254 treatment induced alterations in urea and glucose metabolism in the rats. Urea and glucose metabolism were not evaluated in the present study.
The localization of large numbers of 3H-TCB-derived grains over mitochondrial membranes accompanied by mitochondrial alterations also suggests the possible presence of a primary receptor protein not associated with the Ah receptor, which may be important in the development of the "wasting syndrome."
